The nucleotide sequence of the Bacillus megaterium protein C gene, encompassing the coding region and 341 base pairs of flanking regions, has been determined. The gene codes for a 72-residue protein whose predicted amino acid sequence is identical to that previously determined for protein C with the exception of an amino-terminal methionine predicted from the gene sequence, but not found in the mature protein. The translational initiation codon is preceded by an 11-base pair sequence highly complementary to the 3' terminus of B. megaterium 16S rRNA. Protection against S1 nuclease digestion by hybridization of a protein C gene fragment to RNA containing high levels of protein C mRNA localized the transcription initiation site 108 base pairs upstream from the translation start site. Upstream from the transcription initiation site there are no obvious homologies with conserved regions of promoters for previously described B. subtilis vegetative or sporulation genes.
The first minutes of germination of Bacillus megaterium spores are accompanied by degradation of 20% of the dormant spore's protein to amino acids; these amino acids support much of the protein synthesis early in spore germination (16) . The proteins degraded in this process are a group of small acid-soluble spore proteins (SASP). The SASP are synthesized only during sporulation under transcriptional control and are found only in the developing spore (16) . Three immunologically related proteins (termed A, B, and C) comprise the majority of the total SASP in B. megaterium. The primary sequences of proteins A, B, and C are known; proteins A and C exhibit about 85% sequence identity, with protein B more distantly related (16, (18) (19) (20) . Since the SASP genes are expressed only during sporulation, an obvious area of interest is the mechanism(s) whereby they are regulated. As a first step in this analysis we recently reported the cloning of the structural gene for protein C (3) . In this work we reported the nucleotide sequence of the protein C gene, including 341 base pairs (bp) of flanking sequence, as well as its transcriptional start site.
MATERIALS AND METHODS Bacterial and phage strains and isolation of nucleic acid.
The bacterial strains used in this work were B. megaterium QM B1551 (obtained from H. S. Levinson); Escherichia coli AD5230, containing plasmid p81/16 which contains the B. megaterium protein C gene (described in reference 3); and phages Mp8 and Mp9 and E. coli JM103 (described in reference 11 and obtained from Bethesda Research Laboratories).
B. megaterium was grown and sporulated at 30°C in supplemented nutrient broth as previously described (17) . Cells were harvested at various times in vegetative growth and sporulation, and RNA was extracted and purified as * Corresponding author.
described by Dignam and Setlow (5) . The level of A plus C protein mRNA in RNAs extracted at various times was determined by in vitro translation as described previously (5) . E. coli AD5230 containing p81/16 was grown at 30°C in L-broth plus ampicillin (50 ,ug/ml), and plasmid DNA was isolated and purified as previously described (3). E. coli JM103 was grown and transfected with M13 phage derivatives, phage was grown, phage containing inserts were identified, and single-stranded phage DNA for DNA sequencing, as well as phage replicative-form DNA, was isolated and purified as described by Messing (11) . Isolation of DNA fragments after separation by agarose gel electrophoresis was carried out as described previously (3 .~~~~~~~~~~~~~~~~~~~~~~~. was added, the mixture was divided into three aliquots, and varying amounts of Si nuclease were added. The mixtures were incubated for 30 min at 37°C, the reaction was stopped by addition of 25 jLA of 2.5 M ammonium acetate-50 mM EDTA, and the RNA-DNA hybrids were recovered by precipitation with ethanol and run on a DNA sequencing gel (21) .
DNA sequencing. DNA sequencing by the chain termination method (15) was carried out essentially as described by Messing (11) . 2.1-kb HaeIII fragment (3), and initial subcloning and DNA sequencing located the region coding for the amino terminus of protein C close to one end of the 700-bp BglII-HaeIII fragment (Fig. 1) . DNA sequence determination on this fragment as well as others allowed subcloning and isolation of DNA fragments covering the entire coding region as well as 341 bp of flanking sequence. The fragments isolated and the extent of their sequence determined are given in Fig. 1 ; the nucleotide sequence determined is shown in Fig. 2 . (Fig. 2) whose sequence is identical to that determined for protein C with the exception of an amino-terminal methionine which is presumably removed post-translationally both in vivo and in vitro (5, 19) .
Transcriptional start site for the protein C gene. The start site for transcription of the protein C gene in vivo was determined by Si nuclease digestion of RNA-DNA hybrids formed between sporulating-cell RNA containing maximal levels of protein C mRNA and a 445-bp RsaI fragment containing 263 bp of 5' flanking sequence and terminating 182 bp into the coding sequence (Fig. 1) . Digestion of this hybrid with varying amounts of Si nuclease reduced the size of the labeled fragment from 445 to 290 bases (Fig. 3) . That the Si-resistant 290-base fragment was derived from the coding strand of the RsaI fragment was shown by cleavage of the labeled RsaI fragment with BglII (recognition sequence at nucleotides 175 to 180 [ Fig. 2] ) before hybridization and Si nuclease digestion. This cleavage generated the predicted labeled fragments of 175 bases from the noncoding strand and 266 bases from the coding strand (Fig. 2) ; this cleaved fragment gave only a 266-base Si nuclease-resistant fragment. RNA extracted from sporulating cells 1 h before or after maximal protein C mRNA levels were achieved also protected a single 290-base fragment of the 445-bp RsaI fragment against Si digestion. However, log-phase cell RNA, which has no protein C mRNA (5), resulted in no detectable Si-resistant fragment (data not shown). These findings indicate that there is only a single major promoter for the protein C gene and that the transcriptional start site is 108 bp upstream from the translational start site (Fig. 2) .
DISCUSSION
The primary structure of protein C predicted from the gene sequence is identical to that determined for the protein (19) , with the exception of the amino-terminal methionine presumably removed post-translationally; this sequence thus confirms our earlier contention that protein C is not synthesized as a larger precursor (5). Eight bases upstream from the ATG initiation codon there is an 11-bp sequence (positions 245 to 255) which shows good complementarity to the sequence found at the 3' end of the 16S rRNA of Bacillus subtilis (10) as well as B. megaterium (C. Woese, personal communication). This sequence preceding the protein C gene coding sequence is similar to that found just upstream of the AUG codon in many B. subtilis mRNAs and could serve as a ribosome binding site for initiation of translation of protein C (10) .
The localization of the transcription start site for the protein C gene 108 bases upstream from the translation start site indicates that protein C mRNA must be at least 324 bases long. Since rough size determination of protein A and C mRNAs showed that they were only 350 bases long (B. Setlow and P. Setlow, unpublished data), this indicates that protein C mRNA probably terminates within 50 bases of the end of the coding sequence, i.e., within the region we have sequenced. Examination of the nucleotide sequence of the protein C gene downstream from the coding sequence (Fig.  2) revealed two sequences which could base pair to form an RNA hairpin structure followed by a T-rich region. This structure resembles that seen in other B. subtilis and E. coli terminators (14) and may be the stop signal for the transcription of the protein C gene.
Comparison of the transcription initiation site of the (Table 1) . Although these comparisons are primarily between B. megaterium and B. subtilis genes, which might of itself result in lack of homology, the B. megaterium gene is recognized and regulated appropriately in B. subtilis (7) . Consequently, the lack of homology may indicate that the B. megaterium protein C gene is transcribed by a different form of RNA polymerase than other sporulation genes so far examined, or requires some additional regulatory proteins, or both. That the protein C gene might indeed be transcribed by an enzyme different from those which transcribe other sporulation genes so far examined would not be surprising, since the protein C gene is presumably transcribed only in the forespore compartment (5) . Although the intracellular site of transcription of all the other sporulation genes listed in Table  1 is not known, at least one, the B. thuringiensis crystal protein gene, is transcribed in the mother cell (21) .
Although there are no obvious homologies upstream from the transcription start site between the protein C gene and other sporulation genes, there is one general feature seen in upstream regions of several of these genes. This is an extended AT-rich region in both the B. thuringiensis crystal protein gene (21) and the sporulation gene spoVG (1, 13) , beginning 44 to 49 bases upstream from the transcription start site and encompassing 26 to 29 bp (Fig. 4) . This AT-rich region has recently been shown to be essential for transcription of the SpoVG gene by analysis of deletion mutants (1) . The protein C gene also has an extended (46-bp) AT-rich region (40 of 46) beginning 56 bp upstream from the transcription start site. It will clearly be of interest to determine whether this region is important in protein C gene transcription. Although analysis of the nucleotide sequence of the protein C gene has of itself given us little definitive information on those DNA sequences involved in protein C gene regulation, the protein C gene is a member of a multigene family encompassing three known members (the genes for proteins A, B, and C), and we have recently cloned another B. megaterium gene which codes for a protein related to protein C but which is not protein A (4). When a number of the genes from this family have been sequenced, comparison of flanking sequences for the different genes may reveal conserved sequences which presumably would be regions which are involved in regulation of gene expression. 
